Studies of biodiversity rely on taxonomically recognized variation
B
iodiversity hotspots are of particular importance because they may represent places where evolutionary processes generate species at high rates (Myers et al. 2000) . Discussions of regions of endemism or modes of speciation often rely on counting closely related species (or other taxa) in a region. Historically, species richness has been attributed to abiotic and biotic factors, but it has been widely suspected that species counts may reflect formalities of nomenclature and activities of taxonomists as much as actual biological phenomena (Issac 2004) . Ease of travel to a region and a hospitable work environment might also lead to greater research efforts in some places than in others-inaccessible or in hospitable places are simply less well known (see BBC News 2006 ). Yet although we know that some areas are better studied than others, we do not know how the uneven distribution of taxonomic effort relates to concepts concerning the baseline of biological diversity in different locales.
The number of species found in an area relies implicitly on the crucial step of determining what constitutes a species. The task of defining species themselves falls to relatively few individuals. For example, at the end of 2001, William Morton Wheeler, Felix Santschi, Auguste-Henri Forel, and Carlo Emery were responsible for 28 percent of the 2588 primary publications in ant systematics from which 11,079 species of ants were named (table 1; Agosti and Johnson 2003) . Defining species may be the most challenging part of assessing species richness (Grissell 1999, Alonso and Agosti 2000) , and factors such as a taxonomist's personal philosophy can play a large role in the number of species described (Agapow 2004 ). The number of species concepts (22 found by Mayden [1997] ) and disagreements over character choice commonly found in the literature suggest that personal philosophies may have a large impact on this assessment.
In addition, diagnostic characters may provide practical utility, but they have no necessary relationship to underlying philosophical principles of species identity (Hey 2006) . Practical characters such as those found in a key are rarely the foundation of species descriptions. For example, distinctive coloration can be useful for recognition of a given species in the field ("There is the blue one"), but variation in color may be ignored when defining species taxonomically ("The six species of this genus differ in genital morphology"). Nonetheless, details about a taxonomist's decisions regarding species identity are generally ignored when other researchers count those species for ecological purposes.
In this article, we examine how the number of taxa described in a region compares with the number of taxonomists describing that region's taxa, as well as with abiotic factors (precipitation, temperature, and area in square kilometers). Because species themselves are not uniformly distinguished, Forum criteria for identifying species are necessarily variable. We therefore also discuss the importance of an alpha taxonomist's personal philosophy regarding species concepts and primary descriptions.
Predictors of species richness among ants
The Social Insects World Wide Web (www.antbase.org) provides a list of species and subspecific taxa described in countries or regions of the world; it also lists the author of the description. We counted the number of taxa described in a region (usually a nation), the number of authors working in the region, and the number of taxa described by each author within each region. We included subspecific ranks because we wanted to examine the importance of the effect of "lumpers" (those who tend to have broader, more inclusive species concepts) versus "splitters" (those with a tendency toward narrower, more restrictive concepts) on the primary foundation of biodiversity studies. The number of ants described from a region provides an indication of biodiversity that corresponds loosely in many cases to what conservation biologists see as general hotspots (figure 1). We gathered annual average precipitation data and mean temperature data from the Climatic Research Unit at the University of East Anglia in Norwich, United Kingdom; the area of regions or countries is from a world gazetteer (Parsons 1982) . We ran a stepwise multiple regression to examine the predictive power of area, average precipitation, mean temperature, and number of taxonomists describing species in a region. We included only those regions with at least 25 described taxa, resulting in a total of 84 regions and 13,857 taxa.
Considering geographical variables only, area has some predictive power (r 2 = 0.201; figure 2a). Outliers in figure  2a temperature (-5 degrees Celsius [°C] for Russia and Canada, for example, and more than 20°C for Costa Rica). However, although a prediction based on area can be improved by adding mean temperature, the explanatory power is still weak (r 2 = 0.282). Whereas Russia has a few taxa per unit area (figure 2a) , it has relatively many for its average temperature (figure 2b). China remains low on both plots. New Guinea and Indonesia appear to have high taxa counts relative to all three geographic variables. Temperature and precipitation (figure 2b, 2c) alone were not useful. The best single predictor for the number of taxa described in a region is the number of taxonomists studying in that region (figure 2d; F = 118, r 2 = 0.591, P < 0.0005). Taking this information into account, all reference points are more aligned with the pattern; departures from expectation are much more modest for Russia, Canada, China, New Guinea, and Indonesia (figure 2d). It is interesting that Switzerland, which is so prominent in myrmecology in general, is never an outlier in any plot. After accounting for the taxonomists themselves, the next best predictor is temperature, confirming the assumption that warm areas are more species rich than cold areas. Adding the average temperature of the region improves the model (r 2 = 0.629), as does using a stepwise procedure to add area (r 2 = 0.657). Precipitation does not add significantly to the model. Area explains 20 percent of the variance when considered alone, but more taxonomists work in larger areas (r 2 = 0.26, p < 0.05), and area contributes only about 3 percent to the three-variable model. Indeed, area and temperature together contribute less than 7 percent more to the predictive power of the number of taxonomists alone. The effect of taxonomic effort is apparent in a comparison of New Guinea (the island) and Papua New Guinea (the country), which appear high and low, respectively, relative to the expected value (figure 2c), unless the number of taxonomists is taken into account (figure 2d).
Limitations of the data
We chose to focus on ants because the relevant data are easily available. Of course, ants are not an unbiased indicator of biotic diversity, often being speciose in environments that may be depauperate in other ways, such as xeric habitats. The study we conducted could be repeated with other taxa (birds come quickly to mind; see especially Orme et al. [2005] ), and we would expect that different groups might show different absolute patterns, although all would reflect at some level the hotspots already identified by various researchers (Myers et al. 2000) . The point of our study is that the intensity and quality of the community of taxonomists' concentration in a particular region will bias any data set. Data on some taxa may be less biased than others because more people are competent at identifying species and general coverage of areas is good (as would be true for birds), but even these data sets will depend ultimately on the decisions made by the taxonomists who study the species of a region.
The data we present have limitations. Geographic data like those reported here capture large areas poorly. Political units are not homogenous and may not be comparable. Average annual temperature and precipitation data may be misleading, especially for large regions with many different habitats (e.g., the United States). Also, counting species described from a region may not reflect closely the number of species present in that region. For example, describing species from Costa Rica does not mean they do not occur in Nicaragua, and the original description often includes a range, whereas a holotype is unique. Nonetheless, the data we used were the best available at the scale at which this study was conducted, and it is evident that measures of biodiversity are indeed confounded by sociological features of the scientists themselves.
Taxonomic effort, lumping, and splitting
Some correlation between species diversity and number of taxonomists is to be expected, because taxonomists tend to gravitate to regions of high diversity. However, we must ask ourselves if the difference between numbers of ant taxa described in Costa Rica (248) and in Nicaragua (13) is attributable mostly to biological differences between the two countries. Tourism and research institutions permit hundreds of biologists to go to lowland Costa Rica annually, increasing the species counts, whereas relatively few biologists go to Nicaragua, whose lowland landmass is much more extensive but much less well known. Indeed, once a region has been identified as being of special interest, it is likely to attract a great deal more attention than a comparable but lesserknown region, amplifying the false impression of a difference between the two. There is no clear way to correct for this "time of effort," as ecologists often do before interpreting their sampling results (Delabie et al. 2000) .
In many regions, a majority of the taxa were described by only a few people (particularly Emery, Forel, Santschi, and Wheeler). Thus, an individual researcher may greatly influence the primary data of diversity, depending on the manner in which he or she distinguishes new species. One way to assess an individual's personal philosophy is to examine the number of taxa (species, subspecies, race, and variety) he or she described. For example, naming 45 varieties in a region probably indicates a tendency to "split" (at least in ants), while never dropping below the species level indicates a tendency to "lump." Differences can be extreme: among North American mammals, every population of grizzly bears has been designated as its own subspecies (Hall 1981) , even those known from a single specimen. It is hard to think of a more generous foundation for studies of biodiversity.
Differences in species concepts appear not only between taxonomists but also between phases of a taxonomist's career. For example, Forel, Emery, and Wheeler became more exacting about minor differences in specimens later in their careers, when they relied more on specimens from museum cabinets and less on field studies of live animals in their natural habitat (Creighton 1950 , Buhs 2000 . Examining Forel's history, we see that he described the majority of taxa in Colombia (figure 3) , and his use of ranks below species was prolific (figure 4). While Colombia is recognized as a very diverse region (Myers et al. 2000) , the number of taxa described from there may be inflated because Forel's species concepts lead to finer distinctions than other taxonomists would make (Creighton 1950 ). The problem is not unique to Forel's descriptions. If we examine Santschi's treatment of Congo, the same difficulty is apparent (figures 5, 6). It is not yet clear how regions would fare if they could be evaluated on similar taxonomic criteria.
Often, a researcher is more conservative in designating varieties when he or she has direct experience in the field, apparently discounting small differences if the ecological milieu, behavioral repertoire, and other factors are consistent from one location to another. As some researchers become limited to working from preserved specimens, they are more attentive to small differences they would have discounted if they had field experience with the animals. Creighton (1950) wrote of Emery and Forel: "Both men became increasingly absorbed with the study of cabinet specimens from exotic sources. As a result the recognition of subspecies came to depend less and less on the behavior of the insect in the field and more and more on the structural characteristics which it showed" (p. 13). Later in his career W. M. Wheeler began using the same pentanomial naming system he once opposed (Buhs 2000 a shift in his studies from North American ants to exotic species (Buhs 2000) .
Importance of revisionary systematics
Of course, the solution to problems produced by noncomparable species concepts is reexamination and revision by other, later authorities. In taxonomic work, the best platform is not the static shoulders of a few giants, but a pyramid of ordinary researchers revising each other's work. Revisionary work adjusts earlier concepts, sometimes dramatically. Creighton revised Smith's (1947) 742 North American taxa, dissolving into synonymy 22 percent of them. Later workers are likely to validate some of these and elevate them again.
With successive efforts, a general community standard will eventually take shape, and the tally of taxa should converge on a reliable estimate. This means that large-scale ecological agendas need to support not only alpha taxonomy but also revisionary systematics on taxa of special interest. It is widely reported that we have a general crisis in the training of new systematists (Celebuki and Farris 1990 , Wheeler and Cracraft 1997 , Wheeler 2004 . Not enough people are qualified to interpret classical scholarship, which means that we will not be able to revise our taxonomy soon, leaving us with whatever baseline the original authors described. It would serve us well to have a new researcher reevaluate Forel's Colombian ants, as Creighton did for Smith. It might seem that removing the personality of the taxonomist altogether would be a good idea, and we have tools that might permit that. Modern DNA taxonomy is useful for labeling specimens whose names are already known, and DNA sequencing is met with much enthusiasm today (Tautz et al. 2003) . However, such data are not likely to completely substitute for formal revisionary systematics for a number of fundamental reasons (see Lipscomb et al. [2003] ). For example, molecular studies rely on exemplars of species described through traditional means, and do not reexamine the original designations, and rarely do they include as many individuals as contributed to the original description (but see Pons et al. [2006] for an example of a traditional type of sampling in a DNA study). Indeed, it is possible that as we increasingly use DNA sequencing to enhance the power to discover small differences among species, we will also amplify problems associated with oversplitting and lose track of the more holistic species concepts that are the foundation for all the rest of biology. Our best future lies in advancing classical systematics hand in hand with modern DNA methods.
Conclusion
Studies of biodiversity rely on lists of species found in various regions. Regional lists may differ, in part, because taxonomic effort is spread unevenly across regions and across individual researchers. Defining species remains a challenging task, especially in groups that are not well known, and species concepts are necessarily tailored for specific groups. Because taxonomists' personal philosophies differ about what constitutes a species, it is critical that well-trained systematists revisit earlier work. Modern tools of DNA analysis are helpful in many ways, but they do not replace classical scholarship. Revisionary systematics is rarely considered to be an impor- tant part of studies of biodiversity. However, our counts of species may very well be unreliable without frequent reevaluation and expansion of the character and distributional data upon which the taxonomic concepts are based.
